Reading Interventions and Reading Problems
The etiology of reading problems is diverse and controversial. Generally, it is accepted that children can experience difficulty with some combination of (a) semantic and (b) phonological aspects of reading (Coltheart, Curtis, Atkins, & Haller, 1993; Gough & Tunmer, 1986; Hatcher, Hulme, & Ellis, 1994; Nation & Coxsey, 2009 ). Difficulty and diversity in categorizing reading problems occur through disagreement about whether discrepancy definitions are appropriate or whether low reading achievement alone suffices (Bell, McCallum, & Cox, 2003; Ferrer, Shaywitz, Holahan, Marchione, & Shaywitz, 2010; Harm & Seidenberg, 1999; Tunmer & Greaney, 2009) . Still further distinctions arise from a response to intervention perspective (e.g., Scholin & Burns, 2012) . Here, no attempt is made to weigh in on this debate, but to gather existing categories from research and subject these to meta-analytical investigation. Based on reading research conducted in the past decades (e.g., see studies cited in the appendix) and placing precocious readers to one side (Stainthorp & Hughes, 2004) , the following samples are frequently mentioned in reading intervention literature: (a) normal readers; (b) at-risk readers, usually either reading below the 50th percentile or originating from socially or economically disadvantaged groups including second language learners; (c) low-performing readers, usually reading below the 25th percentile; and (d) reading disabled students, either reading below the 10th percentile or those who have been diagnosed as having a reading-IQ discrepancy of one standard deviation. Given the centrality of reading to all citizens in society, a fifth category might be added, whereby children have a learning or cognitive disability.
Previous work has begun to investigate the effect of sample risk status on reading intervention effectiveness in the short term (e.g., Suggate, 2010; Swanson et al., 1999) , but has provided mixed results 528540J LDXXX10.1177/0022219414528540Journal of Learning DisabilitiesSuggate
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1 University of Regensburg, Germany and, with regard to long-term effects, virtually no results. For example, Ehri, Nunes, Stahl, et al. (2001) found that phonics helped younger at-risk readers more than younger readers with a more severe impairment, whereas phonemic awareness helped all readers equally . In terms of comprehension interventions, these have been shown to be effective for older disabled students, in particular (Talbott, Wills, & Tankersley, 1994; Wanzek, Vaughn, Kim, & Cavanaugh, 2006) . Considering both comprehension and phonetic-decoding interventions together, Suggate (2010) did not find that at-risk or more struggling readers differentially benefitted; however, he included only disadvantaged readers, whereas including normally achieving readers provides an important reference point in deciding how effective interventions for disadvantaged readers are. Of interest, Scholin and Burns (2012) found no links between preintervention level and postintervention growth on various reading tests, suggesting that risk status determined at pretest might not relate to responsiveness to intervention. In summary, evidence indicates that reading interventions generally benefit all readers, although research is needed investigating effects at a more long-term followup to test whether and how different readers respond to reading intervention.
Intervention Type
Previous meta-analyses suggest that, in particular, phonemic awareness and phonics interventions are particularly helpful for younger children (Bus & van Ijzendoorn, 1999; Ehri, Nunes, Stahl, et al., 2001; . Consistent with Ehri, Nunes, Stahl, et al. (2001) , phonological awareness interventions are defined as those that increase children's awareness of the sounds at the word level (e.g., dig, dug, dog). Phonemic awareness interventions target awareness of the sounds (i.e., phonemes) composing words (e.g., "cat" as /k/ /a/ /t/). Accordingly, phonemic awareness is more specific to reading because this often requires decoding words at the phoneme level. Phonics interventions teach associations between phonemes and orthography, thereby they differ from pure phonemic awareness interventions in that they directly incorporate letters or text. Fluency interventions target "the ability to read with speed and fluency" (Therrien, 2004, p. 252 ) and generally include repeated reading, tutoring, or peer-reading activities (Fuchs & Fuchs, 2005) .
Turning to interventions with a lesser focus on phoneme and text level decoding, reading comprehension interventions provide "specific procedures that guide students to become aware of how well they are comprehending as they attempt to read" (National Reading Panel, 2000, pp. 4-39) . Typical activities in reading comprehension interventions, involve reflection, prior knowledge, question generation, pictorial cues, identifying themes, inferential thinking, summarization, and story structure (Suggate, 2010) . Such comprehension interventions have also been shown to relate positively to intervention outcomes (Elbaum, Vaughn, Hughes, & Moody, 2000; National Early Literacy Panel, 2008; National Reading Panel, 2000; Suggate, 2010; Swanson et al., 1999; Talbott et al., 1994) . Typically, comprehension interventions are provided to older students who can already decode; however, one notable exception is Reading Recovery (Center, Wheldall, Freeman, Outhred, & McNaught, 1995) and similar interventions based on a whole language approach (Suggate, 2010) . These interventions focus on teaching strategies to infer both word and sentence meaning and also to decode words based on surrounding contextual information. A further feature of these early comprehension interventions is that sound-to-spelling instruction is either absent altogether or conducted in an incidental manner (Buckingham, Wheldall, & Beaman, 2012; Tunmer, Chapman, & Prochnow, 2004) .
Of interest, the phonological linkage hypothesis (Hatcher, Hulme, & Ellis, 1994) predicts that phonics interventions would show an advantage of phonemic awareness interventions, by virtue of their providing explicit links between phonemes and words-a hypothesis that has not yet been born out by short-term meta-analytical reviews (see Ehri, Nunes, Stahl, et al., 2001; . However, it is conceivable that skills instructed in one intervention type or the other might show differential transfer effects and maintenance to follow-up, if for example they are less able to be integrated into the reading process, or if they represent skills that children acquire in the interim without the intervention (e.g., Paris, 2005) . Suggate (2010) grouped the above reading interventions into two categories, namely (a) phonetic decoding, which contained phonological, phonemic, phonics, and fluency interventions, and (b) comprehension interventions, including whole-language approaches. Of interest, it was found that phonetic-decoding interventions were more effective for children in kindergarten and Grade 1, with comprehension interventions more effective from around Grade 3 onward with both being helpful for struggling readers. Crucially, Suggate estimated that only about 18% of such intervention studies provide long-term follow-up data, which did not provide for a sufficient sample size to systematically test the role of moderator variables, in particular intervention type. Accordingly, more research into the longterm effects of phonemic awareness, phonics, fluency, and comprehension reading interventions is needed-ideally via meta-analysis because this better accounts for Type II error and allows exploration of moderator variables (Hunter & Schmidt, 2004) .
Intervention Features
In addition to it being important to examine the long-term effects of reading interventions, it may prove insightful to examine the influence of practical intervention features, such as the necessary instructor-student ratio, duration of the intervention, and whether booster interventions help.
Instructor-student ratio. In the United States, the risk status of the readers often determines the intensity of reading intervention that they receive. For example, Tier III interventions typically targeting the lowest 10% of readers are often delivered with an instructor-student ratio of 1:1, whereas at-risk readers between the 10th and 25th percentiles typically receive small-group interventions (Scholin & Burns, 2012) . Accordingly, in part to justify this practice, an important question to resolve is whether instructor-student ratio affects intervention outcomes, again with a long-term focus. To illustrate the point, if small group interventions were as effective as individual interventions, then resource allocation could be accordingly optimized by reaching a greater number of students with the same number of teachers. Generally, meta-analyses indicate no difference in effect size depending on whether instruction was delivered in small groups or individually Elbaum et al., 2000; Suggate, 2010; but cf. Ehri, Nunes, Stahl, et al., 2001) ; however, little is known about the effect of instructor-student ratio on long-term effect size.
Intervention administrator. Effective implementation of interventions depends not only on the content but also on the administrator (Marulis & Neuman, 2010) . At a practical, financial level, the requisite qualifications for successful implementation of interventions is important. Internationally, a number of different intervention administrators have been employed, namely teaching assistants (Ryder, Tunmer, & Greaney, 2008) or paraeducators (Vadasy & Sanders, 2010) , especially trained interveners (e.g., Center et al., 1995) , regular classroom teachers (e.g., Elbaum et al., 2000) , student peers (Fuchs & Fuchs, 2005) , or computers (Cheung & Slavin, 2012) . Finally, a well-documented phenomenon is that researcher-administered interventions tend to result in larger effect sizes (e.g., Dignath & Buttner, 2008; ) and computer-led interventions smaller effects (Cheung & Slavin, 2012; . Conceptually, meta-analyses not taking sufficient account of intervention administrator run the risk of conflating administrator effects with intervention effects and accordingly run the risk of leading to false policy recommendations.
Intervention length and booster interventions.
It is surprising that intervention length is seldom a significant predictor of intervention effect size in meta-analyses (e.g., Suggate, 2010) . One possibility for this finding is that interventions have too narrow of a focus, such that those focusing specifically on one domain, especially if the targeted skills are highly constrained (e.g., Paris, 2005) , might be unable to drive further benefits beyond a certain point saturation point. Conversely, many interventions now contain a mixed approach (see the appendix), and most include well-established outcome measures unlikely to be affected by ceiling effects. In addition, previous meta-analyses (e.g., Ehri, Nunes, Stahl, et al., 2001; Suggate, 2010) have coded dosage of the intervention condition only, which ignores that in many studies, the control children receive an intervention, sometimes of the same duration (e.g., Antoniou & Souvignier, 2007; Fälth, Gustafson, Tjus, Heimann, & Svensson, 2013; Gunn, Smolkowski, & Vadasy, 2011) . Thus, raw dosage of the intervention condition may be contaminated by not considering the dosage of the control group. Furthermore, some studies include booster interventions (Coyne, Kame'enui, Simmons, & Harn, 2004) , which also need to be accounted for in estimating effect sizes.
Methodological Factors Affecting Effect Size
In addition to there being a lack of knowledge on the longterm effects of reading interventions with respect to intervention type, administrator, sample, and instructor-student ratio, we also lack understanding of possible methodological and conceptual moderator effects on intervention outcome at follow-up.
Methodological quality.
In assessing the quality of (clinical) intervention studies, indices have been developed that focus on randomization, attrition, and blindness (Jadad et al., 1996) . Although it is not possible to ensure administrator blindness while administering reading intervention, researchers' monitoring of treatment fidelity to some extent acts as a proxy because both ensure adherence to protocol. Furthermore, sample attrition and randomization are certainly key variables to consider in intervention research. Specifically, it is conceivable that attrition inflates effect size to follow-up as treatment nonresponders may opt out of the intervention. Equally plausible is that dissatisfied children in the control group seek out additional reading support, thus reducing effect size at follow-up; however, because assignment usually occurs at the class level in reading intervention studies, the latter case is less likely. With regard to experimental design, quasi-experimental designs have tended to produce greater effect sizes than studies employing random assignment (e.g., Cheung & Slavin, 2012; Suggate, 2010) .
Moreover, it is crucial to consider sample size-not just for the calculation of weighted effect sizes-but because of the danger of publication bias (e.g., Hunter & Schmidt, 2004) . Publication bias places a particular threat to followup investigations from two angles. First, it is highly unlikely that researchers of unsuccessful interventions at posttest would then invest the considerable time and effort required to conduct a follow-up assessment. Second, it seems unlikely that researchers who do collect follow-up data but find that their intervention did not result in positive effects would be motivated to publish their work; and even if they were, given the difficulty in interpreting null findings in follow-up studies often suffering from high attrition rates, such work may not pass muster during the peer-review process.
Skill constraint. In addition, it has been suggested that some reading skills follow a more typical and short-lived learning curve trajectory, quickly reaching a ceiling in both their mastery and contribution to reading (Paris, 2005) . Accordingly, it might be expected that improvements in more constrained skills-such as word decoding, alphabet knowledge, phonemic awareness-are easier to exert than on less-constrained measures of skills such as reading comprehension. Because more constrained skills can, by definition, exhibit lesser improvement, these might lead to smaller follow-up effect sizes, particularly as the control group subsequently make developmental gains postintervention. Therefore, one possibility that needs testing is whether the less-constrained skills of reading comprehension (Paris, 2005) , reading of phonetically noncontrolled text, and spelling measures, thanks to English's irregular orthography (Seymour, Aro, Erskine, & COST Action Network, 2003) , show greater follow-up effect sizes than more constrained alphabetic and decoding measures-particularly over the long term, as more time allows more children the opportunity to reach ceiling on constrained skills.
Transfer effects. It is crucial to understand the effects of reading interventions on long-term reading outcomes, not merely on constructs targeted by the intervention. It is expected that phonics interventions will exert large improvements on decoding and phonemic awareness measures, by virtue of these skills being finite and attainable with a low ceiling. It is not surprising that short-term effects of, for example, phonemic interventions indicate large effects on phonemic awareness outcomes (e.g., d w = 1.11; . To understand transfer to broader reading skills, it is still unsatisfactory to look simply at short-term effects on nontargeted skills, because long-term, generalizable effects are sought. Thus, phonics interventions and comprehension interventions must show effects on reading and reading comprehension, not merely on targeted skills such as segmenting or comprehension strategy use. Again, definitive answering of this question requires examination of follow-up data.
Summary.
Research is needed that examines the long-term effect sizes of reading interventions, particularly with respect to whether key variables such as intervention type, administration, and sample risk status play a role. Indeed, previous meta-analyses have reported long-term effects of phonemic awareness, phonics, fluency, and reading comprehension interventions, but these have tended to focus on one intervention type (Bus & van Ijzendoorn, 1999; Ehri, Nunes, Stahl, et al., 2001; or target sample (Suggate, 2010; Swanson et al., 1999) , such that the number of studies reported has been too low to provide a reliable estimation. Moreover, such an analysis has the potential to test whether intervention and methodological characteristics play a role in determining successful intervention.
Current Study
This article reports the results of a meta-analytical test of experimental and quasi-experimental reading interventions focusing on phonemic awareness, phonics, fluency, and comprehension approaches that include a long-term followup postintervention. Needless to say, inclusion of only these interventions does not mean that other interventions are ineffective, but rather that the evidence base for short-term effects (Bus & van Ijzendoorn, 1999; Ehri, Nunes, Stahl, et al., 2001; Suggate, 2010; Talbott et al., 1994 ) is sufficient to begin to investigate follow-up effects. In addition to coding intervention type, sample risk status and methodological and intervention features were coded to shed light on reasons for intervention effect size changes from posttest to follow-up.
Research Questions
Consistent with previous work, it was expected that the interventions would show positive short-term effect sizes that would decrease to follow-up. In addition to this hypothesis and given the availability of studies looking in a nuanced way at long-term effects, the following research questions were formulated. 
Method

Procedure
Literature search and article screening. To reduce the likelihood of publication bias, both published peer-reviewed and nonpublished studies were considered. A three-tiered approach to searching for studies was taken. In the first, four sets of terms (listed below) were entered into both PsycINFO and ERIC. Within each set the OR command was used, and between sets the AND command was used to combine the data. The first search was conducted in 2010 and restricted to include articles published after 1980 and to samples up to Grade 7. The search terms were, for Set 1, reading: reading, reading ability, reading fluency, reading strategies, reading achievement, oral reading, reading development, reading intervention, reading education, school-based intervention, phonics, phonemic awareness, reading comprehension, repeated reading, remedial reading, and reading recovery; for Set 2, design features: control group, reading-matched control, experimental, quasi-experimental, between-subjects, between-groups, randomized, randomized-control, design, random assignment, and treatment; for Set 3, metrics: reading measures, reading skills, reading speed, reading accuracy, effect size, academic achievement, vocabulary, grammar, syntax, and language; for Set 4, follow-up measurement: long-term, medium-term, follow-up, posttest, longitudinal, period, and maintained.
The PsycINFO and ERIC searches identified 557 and 508 articles, respectively, which had been written between 1980 and 2010. The abstracts of these articles were checked to see whether the article (a) was a reading intervention as here defined with a phonetic, decoding, comprehension, or fluency focus, (b) included a follow-up assessment, and (c) contained at least one control or comparison group. This narrowed the number of articles selected to 54 unique articles, once overlapping entries from the PsycINFO and ERIC searches were removed. Second, a search of the reference sections of four previous meta-analyses that utilized similar interventions as those investigated here was conducted (Bus & van Ijzendoorn, 1999; Ehri, Nunes, Stahl, et al., 2001; Suggate, 2010; Wanzek et al., 2006) . These, once the abstracts were checked, netted a further 21 articles selected for closer consideration.
To particularly thoroughly canvass recent studies conducted since the last published meta-analysis (i.e., Suggate, 2010) and also those published after the first search in 2008, a third search with expanded terms focused on the last 10 years (counting back from October 2013). An expanded set of terms were used to increase the probability of hits, namely, for Set 1: peer tutoring, peer assisted, phonics, strategy instruction, phonological awareness, early reading, supplemental instruction, and fluency; for Set 2: computer assisted, computer, and instructional support; for Set 3, word reading, decoding, phonemic awareness, and spelling. The term reading recovery was removed from this search because, as alluded to by an anonymous reviewer, it was the only proper noun referring to a specific intervention. In ERIC, this search was limited to preschool, elementary school studies published in English, German, or French as journal articles, conferences papers, speeches/meetings, reports, dissertation theses, doctoral theses, master's theses, books, collected works, and proceedings, encompassing the time from 2010 to 2013.
This broader PsycINFO search identified 880 abstracts and the equivalent ERIC search, but restricted to the last 3 years resulted in 134 articles. Of these, the vast majority, 72.05% and 77.87%, respectively, were rejected out of hand because they did not contain a reading intervention design. Articles were examined more closely and coded by the author. During this process, of the remaining articles, most were dropped, the reasons for which were as follows: (a) studies did not have a posttest with follow-up design (61.28%), (b) did not contain a matched or randomly assigned control group (36.84%), (c) did not qualify as a reading intervention as here defined (7.14%), (d) were too old (5.64%), or (e) were published in a language other than English or German (1.25%). Further studies were excluded if there was insufficient statistical information and the authors could not be contacted, or the data analysis was conducted at a classroom level instead of at the individual student level or contained self-selected assignment to groups without reporting pretest scores. Only one study that was not published in a peer-reviewed journal potentially satisfied inclusion criteria but was excluded because it would not be possible with only one study to examine the independent variable of publication outlet. Therefore, this meta-analysis represents only peer-reviewed articles.
Article coding
Intervention outcome. Outcome variables were collected for prereading, reading, reading comprehension, and spelling measures, consistent with previous meta-analyses (Ehri, Nunes, Stahl, et al., 2001; Suggate, 2010) .
Prereading measures. Measures were classified as prereading if they targeted phonological or phoneme awareness (to the exception of word repetition measures), letter naming, sounding out letters or words, and pseudoword or phonetically controlled word reading. Such measures included the Test of Phonological Processing (Wagner, Torgesen, & Rashotte, 1999) , Phonemic Segmentation Fluency, Letter-Sound Identification, Letter Naming Fluency (Good & Kaminski, 2003) , and Woodcock Word Attack (Woodcock, 1998) .
Reading measures. Reading measures were those that included word reading, when this was not confined to phonetically controlled words, passage reading, and reading accuracy scores. Examples include reading book level, the Gray Oral Reading Test accuracy scores (Wiederholt & Bryant, 1992) , Word Identification (Woodcock, 1998) , Word Reading (Clay, 1993) , Oral Reading Fluency, and Passage Reading Tests (Good & Kaminski, 2003 (MacGinitie, 1978) , and maze tests.
Spelling. Spelling tests were included if the words were not phonetically controlled, such that simple rules could not be applied, to ensure that this was not a constrained skill. Among spelling tests coded were the Waddington Diagnostic Spelling Test (Waddington, 1988) , the Wechsler Test of Reading Development spelling, Schonell spelling, Kaufman spelling (Kaufman & Kaufman, 1985) , and the Wide Range Achievement Test spelling (Jastak & Wilkinson, 1984) .
Sample risk status and characteristics. Risk status was coded according to ecologically occurring categories in the intervention literature, which however also bore a close resemblance to the tier classification system adopted in many states (Scholin & Burns, 2012) . A restrictive classification system was used, whereby sufficient evidence had to exist for samples to be classified in the next, more severe at-risk category (i.e., the starting point for classification was normality, not risk), thus providing a more conservative estimate of disability. Normal readers were those drawn directly form normal classrooms, whereas samples from a low socioeconomic status background (e.g., vast majority receiving free and reduced lunch), those reading below the 50th percentile, and those whose parents were diagnosed with dyslexia were classified as at risk. Children reading between the 11th and 25th percentiles were classified as low readers (approximately Tier II). Children below the 10th percentile or with a IQ-reading discrepancy of 1 standard deviation in the negative direction were classified as reading disabled (corresponding to Tier III). Finally, a category for learning disabled students was included, that is for students with a general learning disability other than dyslexia.
Sample grade, age, whether the sample was given the intervention in its native language, and whether the studies were carried out in an English-speaking country were also coded. Finally, because it is commonly reported that boys are overrepresented in reading interventions, the percentage of study participants who were boys was calculated.
Intervention type. The presence of phonemic awareness, phonics, fluency, and comprehension components in the reading interventions was coded using the criteria published by Suggate (2010) , whereby phonemic awareness (and phonological awareness) interventions focused on manipulation of sounds in the absence of text and phonics included letter-sound or sound-spelling relations. Fluency interventions focused on skill at reading connected text, to the exclusion of practice at reading sentences or single words (e.g., peer tutoring, repeated reading). Comprehension interventions were those that focused on strategies to decipher text and derive meaning without a phonics focus, such as summarizing, prior knowledge, and inferential thinking. Thus, reading recovery was here classified as a comprehension intervention.
In a second step, these components were recoded into interventions as follows: (a) phonemic awareness, if they only contained a PA component, (b) phonics, if they contained a phonics component with or without an additional PA component, (c) fluency, if they included a fluency component with or without phonics, (d) comprehension, if containing a comprehension component, with or without a fluency component, or (e) mixed, if containing comprehension and a phonics or phonemic awareness component. Therefore, these categories captured a pure language ability in phonemic awareness, a sound-symbol intervention in phonics and as predicted by the phonological linkage hypothesis (Hatcher et al., 1994) , the role of practice and fluency building (Therrien, 2004) , teaching reading comprehension skills (Wanzek et al., 2006) , being the aim of reading (Gough & Tunmer, 1986) , and mixed approaches.
Instructor variables. Intervention administrator was coded using dummy variables to allow for the possibility that interventions has more than one type of administrator. Similar but expanded criteria to Marulis and Neuman (2010) were used, resulting in (a) preschool teacher, (b) classroom teacher, (c) trained tutor including qualified teachers trained for the study, (d) researcher administered including the researcher's graduate students, (e) parent or home administered, (f) computer administered, or (g) peer or community reading partner. To accommodate international differences, preschool teachers were often kindergarten teachers in European countries, where, unlike in much of the United States, kindergarten is not part of regular school.
Length of instruction was estimated using two variables. The first was a calculation of the total number of intervention hours. Where precise information was not provided, the best estimation possible was calculated. For example, if an intervention length was given as 10 to 15 minutes a day, 5 days per week for 3 months, the length would be 12.5 minutes multiplied by 5 days multiplied by 12 weeks (which is slightly less than 3 months to allow for absences). The second dosage variable was a dummy variable for whether the intervention was replaced at an exact one-to-one ratio by a school or in-house intervention of similar quality. Finally, instructor-student ratio was also coded as was the number of months from posttest to follow-up.
Study methodology. Experimental design was coded as a dummy variable (1 = random assignment, 0 = quasi-experimental). Random assignment referred only to the random assignment of individual students to the intervention and control groups. For inclusion in the meta-analysis, quasiexperimental assignment of groups of students drawn from the same populations was necessary. This excluded designs comparing, for example, at-risk to normal readers. To enforce this criterion, pretest scores on quasi-experimental designs had to show equivalence (d w = ±0.50 at pretest). Attrition was calculated by taking the number of students at follow-up divided by the number of students receiving the intervention around pretest. Consistent with recommendations (Jadad et al., 1996) , fidelity was coded as a dummy variable, where fidelity of 1 indicated that the authors had made mention of attempts to monitor treatment adherence.
Interrater reliability. A graduate student in educational psychology independently coded the study characteristics for 16.33% of the studies. Cohen's kappa coefficients were calculated for the dichotomous variables of sample language, study language, random assignment, intervention administrator, instructor-student ratio, and intervention type, yielding a mean reliability estimate of .93. For the continuous variables of grade, attrition, percentage boys, and intervention length, reliability was estimated by dividing the number of increments (e.g., percentage, hours) agreed on, by those disagreed on summed with those agreed on. Reliability by this method was estimated as 90.83%. Initial disagreements were then discussed until a consensus was reached. On the important variable of intervention type, a second psychology graduate (master's) coded 18.31% of studies, obtaining 94.23% agreement. Following this initial calibration procedure, all studies were jointly coded a second time by the author and the psychology graduate with initial disagreements being resolved by mutual agreement.
Data Analysis
Effect size calculation. Effect sizes (d) were calculated by dividing the difference between the means by the pooled standard deviations (Hunter & Schmidt, 2004) . Individual effect sizes were calculated for each of the measures reported by the authors, at pretest, posttest, and follow-up. Then, individual effect sizes were averaged into the categories of prereading, reading, reading comprehension, and spelling. To retain statistical independence, effect sizes were never "counted twice," in that they could feed into only one of the four categories. Once the four categories had been formed, an overall aggregate effect size was estimated by taking the mean of these four categories, consistent with previous meta-analyses (e.g., Ehri, Nunes, Stahl, et al., 2001; Suggate, 2010) . In a final step, the mean weighted effect sizes (d w ), also as a function of moderator variables, were calculated, with effect sizes being weighted by sample size, as recommended (Hunter & Schmidt, 2004) . The Q-statistic was calculated (p < .01, given large number of comparisons) to estimate effect size heterogeneity and hence whether moderator variables likely operate. Fixed-effect effect size estimates were calculated.
Exploring bias. To first check for outliers, box plots were constructed, from which no data points at posttest or follow-up were identified as outliers (> 2 SD above mean). To determine the presence of publication bias, funnel plots were constructed and these appear in Figure 1 . There was a tendency for studies with smaller sample sizes and lower effect sizes to be absent at both time points, representing publication bias (Hunter & Schmidt, 2004) . This pattern was most marked at follow-up with there appearing to be a corresponding mismatch around the median (i.e., which should be the midpoint of the funnel around which scores are mirrored), such that there were a lack of expected smaller studies with negative effect sizes.
Results
In all, 16 studies compared two or more different interventions with one control group. If the interventions were coded as being of the same type, these groups were combined into a single intervention group; however, if the interventions were appreciably different, the sample size of the control group was divided by the number of intervention conditions to weight according to sample size (see Suggate, 2010) . Where it was clear that there were large floor or ceiling effects, such that participants' scores were zero, or close to zero with a standard deviation larger than the mean, data for those particular measures were not coded (e.g., Brady, Fowler, Stone, & Winbury, 1994) . In five instances the authors of original studies were contacted to clarify or obtain missing information (see Note 1). A further study (i.e., Blachman et al., 2014) reported, in addition to a 12-month follow-up, a 10-year follow-up; however, this was judged to be too great of an outlier with regard to follow-up to be included here, and instead the 12-month follow-up data are included. Only two studies had samples that had learning disabilities, so these were collapsed into the category of reading disabled, based on the reasoning that both represent severe learning impairment. A summary of the studies selected appears in the appendix. Of importance, the majority of the effect sizes at pretest (not reported) were at or close to zero, suggesting that the intervention and control groups were similar at the outset.
Study Descriptives
The mean time from posttest to follow-up was 11.17 months (SD = 7.18). In terms of risk status, 23.90% were classified as normal, 28.20% as at risk, 26.80% as low readers, and 21.10% as reading disabled. The interventions were predominantly administered by a mixture of teachers (21.10%), preschool teachers (16.90%), computers (21.10%), and trained educators (33.80%), with only 2.80% of interventions administered by parents and 7.00% by peer and community tutors. The majority of the interventions included either a phonemic awareness component (64.80%) or a phonics component (53.50%), whereas only 26.80% and 29.60% included components targeting fluency and comprehension, respectively. The average sample size was 125.25 (SD = 211.23) at pretest, 114.94 (SD = 198.25) at posttest, and 109.94 (SD = 198.75) at follow-up. Interventions lasted on average 38.70 hours (SD = 37.13), and these were usually conducted in English-speaking countries (60.60% of the time) and on participants in their mother tongue (87.30%) and employed random assignment and fidelity checks 52.10% and 54.90% of the time, respectively. The mean grade of the samples was Grade 1.18 (SD = 1.51), and on average 55.45% (SD = 7.49) of the intervention participants across studies were boys. The mean number of students per instructor was 4.89 (SD = 6.81), and the mean percentage of the pretest samples remaining at follow-up across studies (unweighted) was 83.91% (SD = 18.62). Authors reported that children received some form of systematic intervention after posttesting in 12.70% of the studies. Table 1 reports the mean weighted effect sizes, unweighted mean, median, sample size, number of treatment-control groups, estimated population standard deviation, and the Q test of effect size heterogeneity as a function of the categorical intervention moderators. Grade was grouped based on theoretical and power maximization criteria, resulting in the categories of preschool and kindergarten, then Grades 1 and 2, where children acquire decoding skills in English (Seymour et al., 2003) , and then Grades 3 to 6, where children move to reading to learn (Chall, 1976 ) and which had too few studies to break students down further into individual grades.
Moderator Variable Analysis
Effect sizes in Table 1 tended to be of similar magnitude across outcome variables, with the exception of greater maintenance on spelling at follow-up. Normal readers appeared to lose their advantage over control groups to follow-up and experimenter administered interventions resulted in large effect sizes at posttest. Of interest, the long-term effect sizes were greater as a function of grade, such that kindergarten and preschool follow-up effect sizes were small, those in Grades 1 to 2 were small to moderate, and those in Grades 3 to 6 were large to moderate. Also, interventions that were conducted in addition to the control dosage showed a greater effect.
Next partial correlation analyses were conducted, controlling for sample size (e.g., Brannick, Yang, & Cafri, 2011; Hunter & Schmidt, 2004) , to investigate the role of intervention length, sample attrition, time from posttest to follow-up, and grade. The resulting analysis appears in Table 2 . Samples with a greater number of boys were associated with lower effect sizes at follow-up.
Intervention Type and Transfer Across Outcome Variables
Finally, to examine the role of intervention type in effect size and also the transfer of intervention effects to nontargeted outcomes, mean weighted effect sizes, unweighted mean, median, sample size, number of treatment control groups, estimated population standard deviation, and the Q test of effect size heterogeneity as a function intervention type were calculated. The resulting data, in Table 3 , indicate that phonemic awareness and comprehension interventions resulted in the largest effect sizes at follow-up, whereas phonics and fluency interventions lost more effect to follow-up. Furthermore, fluency interventions did not result in good transfer to reading comprehension, with benefits being more confined to targeted decoding and reading skills at follow-up. Mixed interventions also showed generally sta- ble maintenance of effect size to follow-up across most outcome variables.
To facilitate interpretation of the results in Tables 1 and  3 
Discussion
A plethora of studies and even meta-analyses have documented the short-term effects of reading interventions for different learners (Bus & van Ijzendoorn, 1999; Ehri, Nunes, Stahl, et al., 2001; Elbaum et al., 2000; Suggate, 2010; Swanson et al., 1999) . Thanks to a large body of work encompassing single studies that report longer-term effects, this article could present the first detailed investigation not only of the longer-term effects of reading interventions but also of these as a function of a host of key moderator variables.
Consistent with previous work (Bus & van Ijzendoorn, 1999; Ehri, Nunes, Stahl, et al., 2001; Elbaum et al., 2000; Suggate, 2010; Swanson et al., 1999) , effect sizes at posttest were moderate (d w = 0.37), on average, suggesting that the children in the experimental groups did in fact experience a substantial boost to their reading skills, which reduced by follow-up to around d w = 0.22 (see Table 1 ). Thus, on average, 11 months after participating in interventions with a phonemic awareness, phonics, fluency, or comprehension approach, a small effect of the intervention remained.
Moderator Effects
A key contribution of the current article is understanding the role of moderator variables. Beginning with methodological moderators, effect sizes at follow-up tended to be lower when the studies included treatment-fidelity monitoring or nonrandomized designs, had less attrition, had a more even gender balance, and were not directly carried out by members of the research team. Of interest, normal readers appeared to profit least from reading intervention, especially at follow-up.
Grade. However, the key findings to arise from this metaanalysis did indeed emerge when the effect sizes at followup were examined with respect to two key moderator variables in particular, namely, intervention type and grade. Beginning with the latter, grade did not appear to moderate the short-term effects of reading interventions, unlike in previous work (e.g., Suggate, 2010) ; here it was particularly evident that the younger the intervention sample, the lower the effect size at follow-up, despite moderate posttest effect sizes. Thus, for preschoolers and kindergarteners (according to the U.S. usage of these terms), effect sizes reduced from d In other words, the reading interventions investigated here were more than 3.5 times more effective for older children at follow-up. On the surface, this would appear to run counter to the popular idea that if children are not caught early, they will learn a pattern of failure such that reading intervention will not be successful (Good, Simmons, & Smith, 1998) because reading intervention can be effective in the early grades, and can be particularly effective in the middle grades, showing stronger effects 1 year after cessation of the intervention.
Intervention type and the phonological linkage hypothesis. The second key finding to emerge from this meta-analysis concerns the performance of phonics interventions. According to the phonological linkage hypothesis (Hatcher et al., 1994) , reading instruction that explicitly combines the links between sounds in letters or words (i.e., phonics) should be more effective than purely phonemic approaches. At immediate posttest, there was little evidence that it mattered whether or not phonics or purely phonemic awareness interventions were used (d This fairly large effect for comprehension interventions must be tempered with the observation that older children tended to receive interventions with a comprehension component. Accordingly, due to the inability to statistically tease out the influence of grade from intervention type because of the cell sizes (there were only 12 studies after Grade 3), it remains unclear what drives the larger effect sizes for older children. However, this question is somewhat irrelevant because comprehension interventions cannot be effectively given to children that cannot yet read (e.g., Suggate, 2010) .
Indeed, the poor performance of phonics interventions in comparison to phonemic awareness training is a surprising finding of this analysis that is worthy of discussion, at the outset of which a number of potential explanations can be ruled out. First, this advantage for phonemic awareness does not run counter to previous research because this research has not tested, using meta-analyses with a sufficiently large sample size, the phonological linkage hypothesis by comparing phonics and phonemic awareness interventions at follow-up. Second, this finding is not due to some feature of the respective study participants because post hoc analyses revealed that both study sets had highly similar samples in terms of grade, risk status, attrition, gender, and time between posttest and follow-up. Third, findings cannot readily be explained in terms of the outcome measure selected because phonemic awareness showed a comparative and appreciable advantage over phonics on all outcome measures, except for spelling (i.e., transfer effects). Thus, given the large number of studies in each condition, it is unlikely that a methodological feature accounts for the advantage for phonemic awareness interventions over phonics.
Conversely, in meta-analysis the effect size is calculated as a function of a weight assigned to each study. Based on sampling error, studies with larger sample sizes are assigned greater weights. As recommended by Hunter and Schmidt (2004) , this meta-analysis weighted each study according to the sample size of that study. This a priori decision was taken because of the intuitive appeal that such a parsimonious weighting system entails in the absence of the seemingly excessive data-transformation when weighting according to sampling error or inverse sampling variance. Of interest, Brannick et al. (2011) found in a simulation based on published meta-analysis data that weighting by sample size generally performed as well as or better than other weights (e.g., Brannick et al., 2011) . However, a consequence of this weighting system is that larger studies are given greater weights than when inverse variance is used, for example. Moreover, the two largest sample sizes involved phonics interventions (Gunn et al., 2011, N = 1,405; Houtveen & van de Grift, 2012 , N = 1,021), and they were considerably larger than the third largest (N = 273), but resulted in small effect sizes at follow-up (d = −0.13 and 0.12, respectively), despite being moderate at posttest (d = 0.18 and 0.28, respectively). Of these two studies, Gunn et al. (2011) clearly implemented a high-quality phonics program, as defined here. The Houtveen and van de Grift (2012) intervention components appeared to be phonics because the intervention feature that distinguished the experimental from the control classes was the explicit instruction of letter-sound relations, although the methodology was less exactly described than in the Gunn et al. study. However, removing the Houtveen and van de Grift study minimally altered the follow-up effect sizes.
However, it would have been difficult to justify excluding either of these studies in the analyses or changing the meta-analytical methods simply because the findings may not fit with a theory such as the phonological linkage hypothesis (Hatcher et al., 1994) . Both articles involved large-scale, real-world, quasi-experimental studies with some degree of randomization at the level of participating schools and treatment fidelity monitoring, and both resulted in positive short-term effects. Furthermore, given the evidence for publication bias among smaller studies found here, it would seem to be a strength of the current article that two large-scale studies were included to provide a pegging to the upper end of the funnel against which to compare smaller studies for publication bias (see Figures 1 and  2) . Expressed more strongly, removing these studies would restrict our knowledge of reading interventions to smaller scale trials afflicted with publication bias.
Finally, phonics interventions showed heterogeneity in effect size, as indicated by the significant Q statistic at follow-up, whereas these were not generally significant for the other intervention types. Indeed, removing the Gunn et al. (2011) article reduced the heterogeneity, Q(20) = 33.89, p = .03, indicating that a moderator is operating in the estimation of phonics effect sizes. However, this does not answer the question of what this moderator is; it seems difficult to exclude the Gunn et al. article given that this article was a well-conducted phonics intervention. Perhaps instead this points to the possibility that the moderator operating is some form of publication bias.
Conversely, an interesting question arises as to whether the inclusion of similar large-scale trials for comprehension and phonemic awareness interventions-had these existed-would also have accordingly reduced the obtained follow-up effect sizes for these as well. The answer to this question is purely hypothetical until such studies are conducted; however, insight might be gained from examining other large studies in the current analysis. After the two phonics articles in question, the next four largest studies (n in excess of 200 at follow-up in each case) contained one further phonics, two comprehension, and one phonemic awareness intervention. The effect sizes at follow-up for the phonemic awareness intervention were Table 2 . Based on the small effect size for the phonemic awareness intervention, it might very tentatively be concluded that the provision of large-scale phonemic-awareness intervention studies would result in similar findings to those found for the phonics interventions.
Theoretically, it would appear difficult to explain why phonics interventions lost their effectiveness to follow-up so dramatically in comparison to other intervention types, especially in comparison with phonemic awareness. Perhaps the most simple explanation would be that all childrenalso including control group children-either receive instruction in phonics skills or develop these skills implicitly (Thompson et al., 2008) during regular schooling between posttest and follow-up, such that any advantage for the constrained phonics skills (Paris, 2005) washes out (Suggate, in press ). However, this possibility would depend on children not receiving systematic instruction in phonemic awareness skills that also targets constrained skills, otherwise the advantage for phonemic awareness intervention at follow-up would not have been found here. Alternatively, the phonemic awareness interventions resulted in slightly greater short-term gains on prereading skills (d w = 0.40 vs. d w = 0.32); perhaps then the opposite to a washing out effect occurred, in that phonemic awareness resulted in a shortterm advantage that escalated over time (Blachman et al., 2014) , as predicted by Matthew effects (Pfost, Hattie, Dorfler, & Artelt, 2013; Stanovich, 1986) .
Comprehension interventions. Although more, ideally largescale, research is needed looking at phonemic and phonics interventions long term, the findings robustly indicate that comprehension interventions have good effects at followup on a host of skills not specifically targeted in the interventions. There was some support for Paris's (2005) idea that skill constraint influences reading development. Thus, interventions targeting the least constrained construct, namely reading comprehension skills, exerted the greatest improvement to follow-up. Moreover, this improvement was not due to comprehension interventions showing improvement only on skills specifically targeted in the intervention, because skills typically targeted in reading comprehension training are generally higher-order metastrategies, such as reflecting, summarizing, and predicting. However, reading comprehension tests measure understanding of text, which is in essence the goal of reading (Gough & Tunmer, 1986) . In contrast, phonics (d . Specifically, the hours spent in reading intervention was not a significant variable here and in previous analyses, presumably because any amount of intervention has to occur outside of what children would otherwise receive to have an (appreciable) effect. Finally, offering a booster intervention was associated with lower effect sizes. One possibility for this counterintuitive finding is that more of the same may not work-perhaps booster interventions should contain a different approach to the mother intervention. However, the most likely explanation is perhaps that booster interventions were offered to students who either regressed or were not showing the desired progress (i.e., they were treatment resisters; Coyne et al., 2004) , hence making the disadvantage for booster interventions a product of particular samples, not the general practice of giving booster interventions.
Limitations
Overall, the funnel plots suggested a publication bias (Hox, 2010) , as evidenced by a lack of small to mediumsized studies. Accordingly, many of the effect sizes should be interpreted with caution, as they are likely slightly upwardly biased. Although, as discussed, the inclusion of the two larger studies that showed modest effects would probably have compensated for publication bias, this is clearly speculative until other very large-scale trials are conducted. Moreover, studies with long-term follow-ups that were not published in peer-reviewed journals were not sufficiently methodologically rigorous to include here. Even if methodologically rigorous nonpublished studies were to be found, this would not solve the bias problemas it is highly likely that researchers of interventions that do not result in positive and appreciable short-term effects would not collect follow-up data. Perhaps the only way to circumvent this problem would be to establish a database of educational intervention studies, whereby researchers register their studies before commencing them, so that the proportion of studies making it to a follow-up data collection can be estimated against the number of "failed" studies.
Ceiling effects in the data did not appear to have constrained the reading development of children at follow-up, thus suppressing effect size. All studies were of high quality, and the means and standard deviations were inspected for possible ceiling effects during the coding. Even the prereading measures considered to be constrained, according to the rationale provided by Paris (2005) , did not seem to show evidence of ceiling effects based on means and standard deviations reported in studies. An informal observation was that authors tended to developmentally shift the tasks that children received, such that a measure of lettersound correspondences in kindergarten pretest was not readministered at follow-up, but was instead replaced with a more difficult and less constrained (for the given age group) measure of nonword reading, for example.
Many studies did not provide information on the kinds of reading experiences children received after the intervention, such that it was presumably not possible to entirely reliably code whether intervention or control groups received a booster intervention, which tempers the findings concerning booster effects. In some instances it is likely that the children originally assigned to the control group underwent subsequent reading intervention given by the school, possibly in greater numbers than in the treatment groups, but which was not reported by the authors. These posttest interventions may have resulted in control group gains, reducing the effect size advantage for the treatment group at follow-up; to solve this problem, study authors are encouraged to more systematically collect data on posttest experiences of both samples. Finally, given the small number of studies, it was not possible to conduct regression analyses to try to tease apart the influence of age and comprehension interventions, in particular.
Implications
A key argument of the current article has been that longterm effects are key. This assumption is entirely justifiable in that neither the resources nor the desire exists to have children repeatedly and continuously in reading intervention. On the other hand, long-term effects are not the only criterion in evaluating effectiveness because in the absence of short-term effects, the effort of participating and conducting reading interventions would unlikely be sufficiently rewarding to ensure necessary engagement.
Overall, the effect sizes obtained for reading interventions after, on average, 11 months are appreciable, but disappointing, particularly in light of a likely necessary downward adjustment due to publication bias. Indeed, the current effect size at follow-up of d w = 0.22, pending a possible downward adjustment, is somewhat low, and for kindergarten and preschool children, the obtained estimate of d w = 0.12 can be considered marginal. Of interest, such a small effect size among children younger than Grade 1 is consistent with quasi-experimental work suggesting that the effects of such early interventions tend to wash out (Dollase, 2007; Durkin, 1974 Durkin, -1975 Elley, 1992; Schmerkotte, 1978; Suggate, 2009, in press; Suggate, Schaughency, & Reese, 2013) . On the more positive side, there was evidence to suggest that reading interventions can be particularly effective for older readers (d w = 0.43) and for reading comprehension interventions (d w = 0.47). Of interest, both of these findings are compatible with what has been named the Luke effect, whereby reading instruction is predicted to have a greater effect when able to target less-constrained skills and when children have a greater skill base to draw on Suggate (in press).
In terms of the long-term effects of intervention type and its likely transfer to the broader construct of reading comprehension, the current analysis would suggest that preschool and kindergarten interventions should target phonemic awareness alone, leaving decoding skills to Grades 1 and 2. In Grades 1 and 2, fluency and mixed interventions appear to be optimal, although in the case of the former, effects may not transfer so well to reading comprehension. From Grade 3 onward, reading comprehension interventions would appear, on average, optimal. This is not to discount the importance of tailoring interventions to individual child needs (Connor, Morrison, & Katch, 2004; Connor et al., 2009) ; however, some clear indications were provided from this meta-analysis that may not have been uncovered by examining only the short-term effects.
However, before drawing conclusions about the effectiveness of reading intervention, the current analysis found indications of ways in which reading intervention studies can be tightened to better estimate effects. To recapitulate, effect sizes depended on important features of designs, namely whether studies employed random assignment and treatment fidelity monitoring, included samples better matched on gender, and contained larger sample sizes. Indeed, it was the author's subjective impression that more recently published studies tended to be more comprehensively described and conducted. This, in turn, may explain why the effect sizes obtained here were a little lower than those of some previous analyses (Bus & van Ijzendoorn, 1999; Ehri, Nunes, Stahl, et al., 2001; Suggate, 2010) .
A key and unique finding from this meta-analysis is the greater retention of intervention effect to follow-up for at-risk, low, and disabled readers in comparison to normal readers. This findings is certainly encouraging for interventionists targeting struggling readers, suggesting that promising long-term effects are attainable. There was no reliable indication that one-to-one interventions were associated with greater effect sizes, perhaps calling into question whether Tier III students (similar to the reading disabled category used here) are always best treated by one-to-one interventions (see also Scholin & Burns, 2012) . Based on the current study, it would appear more important that students in need receive the appropriate services, with it being less important if these are offered in individual or small-group settings. It is encouraging that the findings suggest that intervention administrator is, by and large, not the key determinant of effect size, with the exception that experimenters tended to exact larger short-term effect sizes out of their interventions and classroom teachers smaller effect sizes. Perhaps a more important factor for future research would be to examine the interaction between teacher qualification and treatment fidelity, to test whether less qualified teachers need to adhere more closely to treatment protocol to exact the same effects.
Conclusions
In conclusion, this meta-analysis extends our understanding of the effectiveness of reading interventions by providing a detailed analysis of the long-term effects. Indeed, in doing so, some surprising findings emerged, namely that phonemic awareness interventions appeared better than phonics, which is inconsistent with the phonological linkage hypothesis (Hatcher et al., 2004) . Comprehension interventions, on the other hand, appeared particularly effective, as did those given to older pupils. Perhaps the greater contribution of this meta-analysis might be the challenges it lays down for researchers and journal editors to continue to improve on the quality of published studies and to conduct more large-scale follow-up investigations. It is hoped that this article will help stimulate research in this direction. 
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Note
1. One further study met inclusion criteria but had missing data that could not be retrieved due to damage to the building arising from the Christchurch earthquake in February 2011.
